Analysis of the ligand-promoted global conformational change in aspartate transcarbamoylase. Evidence for a two-state transition from boundary spreading in sedimentation velocity experiments.
A global conformational change in the regulatory enzyme aspartate transcarbamoylase of Escherichia coli was demonstrated 20 years ago by the 3.5% decrease in the sedimentation coefficient of the enzyme upon its interaction with carbamoyl phosphate and saturating amounts of the aspartate analog succinate. This "swelling" of aspartate transcarbamoylase attributable to the T----R allosteric transition was observed also in subsequent studies when the enzyme was completely saturated with the bisubstrate analog N-(phosphonacetyl)-L-aspartate. In neither of these studies was a direct attempt made by an analysis of boundary spreading (expressed as an apparent diffusion coefficient) on partially liganded enzyme to determine whether the solution contained only T and R-state molecules, as expected for a concerted transition, or a mixture of more than two distinct conformational states. The sensitivity of boundary spreading measurements was tested with a known mixture of fully liganded wild-type enzyme (R-state) and an inactive T-state mutant that did not bind either succinate or the bisubstrate ligand. This experiment yielded broad boundaries with an apparent diffusion coefficient about 10% greater than that of T-state enzyme, due to the differential sedimentation of the two independent species. Identical boundary spreading was obtained theoretically by simulating an equimolar mixture of T and R-state aspartate transcarbamoylase. These results proved that the boundary spreading measurement was sensitive to the presence of heterogeneity. Analogous experiments with only wild-type enzyme in the presence of sub-stoichiometric amounts of the tightly bound bisubstrate ligand sufficient to promote a 1.8% decrease in sedimentation coefficient also exhibited broader boundaries, corresponding to a 10% increase in the apparent diffusion coefficient relative to the unliganded enzyme. In contrast, such broad boundaries were not observed in experiments when the weakly bound succinate was present in quantities sufficient to cause the same 1.8% decrease in sedimentation coefficient. The differences in boundary spreading observed with the two active-site ligands were accounted for by the affinities of the respective ligands for the enzyme and the transport theory of a ligand-promoted isomerization of the protein. In the presence of sub-stoichiometric levels of the tight-binding bisubstrate ligand, the dynamic equilibrium between the T and the R-state is essentially uncoupled and the species sediment at slightly different rates to give broad boundaries.(ABSTRACT TRUNCATED AT 250 WORDS)